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Since the days of Theophrastus (ca 373-287 BC), botanists have been classifying forest 
trees into different categories, based on a variety of criteria. Grouping species into 
different types is important for addressing both applied and theoretical questions, from 
selecting species for reforestation programs to understanding the maintenance of high 
species and functional diversity in tropical forests. Tree species are often grouped 
according to functional traits such as maximum growth rate, seed/seedling morphology, 
wood density, asymptotic height, longevity, pollination syndrome, seed dispersal 
syndrome, sexual system, response to fire, or re-sprouting potential. Alternatively, 
species have been grouped according to vital rates, such as rates of recruitment, mortality, 
and fecundity. A third method of classification is based on species’ size distributions 
within a given forest stand.  
Although the size distribution, vital rates, and functional traits of tree species have been 
linked to the forest regeneration cycle in mature forests, a system for classifying species 
responses in tropical forests undergoing secondary succession has yet to be developed. 
Long-term data on rates of recruitment, mortality, growth, and fecundity have simply not 
been available from a range of sites and climatic zones to properly assess ecological 
groups in secondary tropical forests. Process models of successional forest dynamics 
have been based on a simplified system involving two major groups of tree species, 
shade-intolerant pioneer species and shade-tolerant late successional species. According 
to successional theory, species vary in their temporal pattern of abundance and 
dominance within forests undergoing succession. Shade-intolerant pioneer species 
dominate during early stages of succession. Because pioneer species fail to regenerate 
beneath their own canopy, these species are ultimately replaced over time by a group of 
shade-tolerant species with slower growth rates, higher wood density, lower 
photosynthetic rates, and lower concentrations of leaf nitrogen. Yet, detailed 
chronosequence studies from tropical regions clearly show that as succession unfolds, 
pioneer and shade-tolerant species vary widely in their longevity and in the timing of 
their colonization and peak abundance, suggesting that this simple characterization is 
inadequate for describing the full range of ecological diversity of trees.  
Here, we describe two approaches to assessing ecological groups of tree species based on 
data from eight long-term permanent sample plots located in wet tropical forests of 
northeastern Costa Rica. Study plots were initially 1-25 yr old (currently 20-45 yr old). 
Four sites were used for pasture, whereas four sites were never grazed. First, we present a 



simple framework for assessing the successional status of tropical tree species and forests 
based on two factors that influence tree regeneration during succession: (1) the timing of 
colonization (early vs. later colonization); and (2) the presence of regenerating seedlings 
or small saplings. This framework identifies three regeneration groups: (1) non-
regenerating pioneers that colonize initially but fail to produce regenerating seedlings; (2) 
regenerating pioneers that colonize early and also produce regenerating seedlings; and (3) 
forest colonizers that colonize somewhat later and are represented by seedlings and/or 
saplings. Species are classified based on their size distributions within plots; established 
(but not remnant) trees indicate early colonization. The framework can be easily applied 
to plots sampled once and does not require any data on species responses, vital rates, or 
functional traits. We applied this framework to tree species in four 1 ha plots formerly 
used for pasture by comparing the presence/absence of individuals in four size classes. 
Among the 95 species included in the study, 7 species were consistently classified as 
non-regenerating pioneers, and 12 species were consistently classified as forest 
colonizers. These two categories follow the classic pioneer vs. shade-tolerant dichotomy. 
The remaining 76 species (more than 80%) were classified as regenerating pioneers, 
present both as established trees and saplings or seedlings. Thus, most of the tree species 
in these secondary forests are successional “generalists,” which was not a previously 
recognized group. Although this framework can be easily applied to data from any one 
plot, problems arise due to variation in the timing of colonization among plots and to 
limitations of plot size in assessing presence/absence of species in size classes. Moreover, 
only canopy tree species can be classified, excluding numerous species of trees that 
occupy the understory and subcanopy.  
Second, we evaluate functional groups in these same plots based upon a classification of 
five plant functional types (PFTs) developed by cluster analysis of functional traits of tree 
species derived from long-term permanent monitoring plot data of trees ≥10 cm diameter 
at breast height in selectively-logged and mature forests within the study area. This 
approach distinguished five functional types based on only two traits: maximum tree 
height (5 levels) and diameter growth rate (5 levels). Mature forests had greater 
representation of PFT 1 (understory trees) and PFT 4 (slow-growing canopy/emergent 
trees) than secondary forests. Secondary forests showed greater relative abundance of 
PFT 5 (fast-growing canopy/emergent trees) than mature forests, but similar basal area. 
Land-use (pasture, no pasture) did not significantly affect functional group composition. 
Observed temporal trends in density and basal area of these functional groups generally 
conformed to predictions of successional theory. The density of trees in PFT 5 (moderate 
to very fast-growing canopy/emergent trees) increased during the first 20 yr of 
succession, then decreased gradually, while basal area continued to increase. This 
functional group is primarily responsible for the rapid recovery of stand basal area during 
succession. In contrast, trees in PFT 3 (short-lived, fast-growing midstory trees) reached 
peak abundance early, followed by a rapid decline. We observed a gradual increase in the 
abundance of slow-growing functional types; PFT 4 (canopy/emergent) in pasture plots 
and PFT 2 (subcanopy) in non-pasture plots. Trees in PFT 1 (understory trees) are the 
slowest to recover; many of these species are present as seedlings or saplings, but few 
reach 10 cm size class until late in succession.  



Although both of these approaches need to be refined with additional data and a wider 
range of forest types, our analysis suggests that ecological groups of tree species can be 
distinguished during forest succession to satisfy a wide range of research objectives. 


